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ABSTRACT 
 
 
 
 
 
 
 
 
 
Pentaerythritol Tetradodecanoate (PETD) is a new ester which used as varnish 
addictive in magnetic wire production. In many foreign countries, production of PETD 
has been conducted but in Malaysia, the technology of PETD production still not 
localized by any Malaysia company. The objective of this research is to study effects of 
temperature in non-catalytic PETD reactor. Method for experiment of this research is 
using reactive distillation as unit operation and six different temperatures from 180°C to 
230°C will be manipulated. The products from the experiment has been analysed using 
Gas Chromatography (GC). Results show that at 200°C is an optimum temperature for 
non-catalyst PETD production. It may observe that at 200°C is the maximum reaction 
for this production of PETD. So, for best temperature for producing PETD using 
reactive distillation is at 200°C because at this temperature, there are maximum reaction 
and higher conversion for PETD. Outcome from this research can be considered as 
pioneer process in localizing the technology, scale up and commercialization of PETD 
production.  
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ABSTRAK 
 
 
 
 
 
 
 
 
 
Pentaerythritol Tetradodecanoate (PETD) adalah ester baru yang digunakan 
dalam pembuatan wayar magnetic. Di negara luar, penghasilan PETD telah dijalankan 
namun di Malaysia, teknologi penghasilan PETD masih belum diterokai oleh mana-
mana syarikat di Malaysia. Objektif kajian ini adalah untuk mengkaji kesan suhu 
terhadap penghasilan PETD tanpa menggunakan mangkin. Eksperimen kajian ini 
dijalankan dengan menggunakan penyulingan reaktif sebagai unit operasi dan enam 
suhu yang berbeza dari 180°C hingga 230°C dimanipulasikan untuk mendapatkan 
keputusan. Hasil produk dari eksperimen ini kemudiannya dianalisis dengan 
menggunakan Kromatografi gas. Keputusan menunjukkan bahawa pada suhu 200°C 
adalah suhu optimum bagi penghasilan PETD ini. Ini kerana pada suhu tersebut, 
berlakunya maksimum tindakbalas untuk  menghasilkan PETD. Dengan itu, suhu terbaik 
bagi proses penghasilan PETD adalah pada suhu 200°C kerana pada suhu tersebut kadar 
penghasilan PETD yang tertinggi akan dapat dicapai. Hasil dari kajian ini boleh 
dianggap sebagai langkah awal dalam mengkomersialkan penghasilan PETD ini. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.0  Introduction 
 
 
 In magnetic wire production such as Kaneka chemical, pentaerythritol 
tetradodecanoate (PETD) has been used as an essential addictive vanish. In foreign 
country, like Japan, the esterification of PETD has been produced but in Malaysia the 
process technology is still not yet localized by any Malaysian company to support the 
country’s manufacturing needs especially in reducing the product price, at the 
moment.  Dodecanoic acid and Pentaerythritol are used as the raw material to 
produce this varnish additive using esterification process.  
 
 Esterification is a general name for a chemical reaction which an ester is the 
reaction product. Carboxylic acid reacts with alcohols to form esters through a 
condensation reaction 
 
Alcohol + Carboxylic Acid   Ester + Water 
         (1.1)  
 
 Esterification is a reversible reaction which the products can react to produce 
the original reactants. In a closed system where none of the reactants or products can 
escape, reversible reactions reach equilibrium. At equilibrium, the reactions are still 
happening but at the same rate, so the concentrations of reactants and products do not 
change. Esterification of PETD in this research will carried out in reactive 
distillation. 
 
 In the chemical process industries, chemical reaction and the purification of 
the desired products by distillation are usually carried out sequentially. In many 
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cases, the performed of this classis chemical process structure can be   significantly 
improved by integration of reaction and distillation in a single process unit. This 
concept is called reactive distillation. Sundamacher [1] give an overview on 
advantages of this integration are chemical equilibrium limitation can be overcame, 
higher selectivity can be achieved, the heat of reaction can be used in situ for 
distillation, auxiliary solvents can be avoid, and azeotropic or closely boiling points 
mixtures can more easily separated than in common distillation. Beside that this 
reactive also increased process efficiently and reduction of investment and 
operational costs are direct result of this approach. Some of these advantages were 
realized by using reaction to improve separation and others are realized by using 
separation to improve reaction [1] 
  
 Due to the interaction of reaction and distillation in one single unit, the steady 
state and dynamic operational of reactive distillation can be very complex. Therefore, 
suitable process control strategies have to be developed and applied, ensuring 
optimal and safe operation. 
 
 In this research, focus was mainly to the effects of temperature in 
esterification of PETD depending on conversion rate of products. From the research 
done by Salina, Mahiran, Abu Bakar, Arbakariya, Basyaruddin, Raja Noor Zaliha 
(2005), in esterification process, effects of temperature can be apportioned to its 
effect on substrate solubility as well as its direct influences on the reaction.  
 
 
 
 
1.1 Problem Statement  
 
 
 Pentaerythritol tetradodecanoate (PETD) is a new ester, which is produced 
from reaction between pentaerythritol (alcohol) and dodecanoic acid (carboxylic 
acid). Pentaerythritol tetradodecanoate has been used as an essential varnish additive 
in magnetic wire production. In many foreign countries, the esterification of 
pentaerythritol tetradodecanoate has been conducted but in our country, the 
technology process for this esterification still not yet localized by any Malaysia 
company.  
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 Therefore, the products of pentaerythritol tetradodecanoate as additives 
vanish were supply from Japan for Malaysia’s company especially which involved in 
magnetic wire production such as Kaneka Chemical. That will make the price of 
pentaerythritol tetradodecanoate products is high. As alternative for reducing the 
product of pentaerythritol tetradodecanoate price in market, new research for develop 
technology process of esterification of pentaerythritol tetradodecanoate at optimum 
output must carry out to support our country’s manufacturing needs. 
 
 In this research for esterification of pentaerythritol tetradodecanoate using 
reactive distillation unit, the temperature will be manipulated to find higher 
conversion rates for pentaerythritol tetradodecanoate product. The effect of the 
temperature to the production of pentaerythritol tetradodecanoate will be studied 
further. According to la Chatelier principle if a dynamic equilibrium is disturbed by 
changing the conditions, the position of equilibrium moves to counteract the change. 
So, by increasing temperatures at pressure 1 atm and 24 hours of reaction times 
between temperatures range 180oC to 230oC, the conversion rates of pentaerythritol 
tetradodecanoate products will increase too. The optimum temperature state from 
previous work was 190 oC by using catalyst. In this research by non-catalytic 
reaction, the optimum temperature assumes to be at 200 oC. 
 
 
 
 
1.2 Objective 
 
 
To study the effects of temperature in Pentaerythritol Tetradodecanoate reactor 
 
 
 
 
 
 
1.3 Scope Research 
 
 
Scope of this research is to find which temperatures that given higher 
conversion rates of pentaerythritol tetradodecanoate production. So, temperatures is a 
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manipulate variable between 180oC to 230oC. Six experiments will be run to studies 
which temperatures given higher conversion rates;  
 
1) 1st  run at 180oC 
2) 2nd run at 190oC 
3) 3rd  run at 200oC 
4) 4th  run at 210oC 
5) 5th  run at 220oC 
6) 6th  run at 230oC 
 
 The constants factors in this experiment are pressure, times of reaction and set 
up of apparatus. All experiments will be run at 1 atm, 600 rpm, 24 hours and same 
set up of apparatus. Apparatus that used in this experiment are; 
 
1) Reaction Flask 500 ml 
2) Fractionating Columns Vigreux 20cm  
3) Motor Stirrer  
4) Condenser 20cm 
5) Distillation Chemistry Kit 
6) Digital Thermometer 
7) Beaker 500 ml 
8) Heating Mantle 2L 
 
 The products from experiment will analysis by gas chromatography (GC) for 
testing the purity of product from experiment where gas chromatography is a one of 
the most useful instrument tools for separating and analyzing organic compounds that 
can be vaporized without decomposition. 
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.0  Introduction 
 
 
 In the chemical process industries, chemical reaction and purification of the 
desired products by distillation are usually carried out sequentially. In many cases, 
the performances of this classic chemical process structure can be significantly 
improved by integration of reaction and distillation in a single multifunctional 
process unit. This integration concept is called ‘reactive distillation’ [1]. 
 
 Chemical reaction is a process involving one, two or more substances called 
reactant to become product by chemical change. It can be character by a chemical 
change and yield in one or more product(s) which are different from reactant, while 
distillation is a process for separating the various component of a liquid solution 
which depend upon the distribution of these components between vapor phase and 
liquid phase [2]. This process is based on the fact that the vapor of a boiling mixture 
will be richer in the components that have lower boiling points. Therefore when this 
vapor is cooled and condensed, the condensate will contain more volatile 
components and at the same time, the original mixture will contain more of the less 
volatile material [5]. 
 
 As advantages of this integration, chemical equilibrium limitations can be 
overcome, higher selectivity can be achieved, the heat of reaction can be used in situ 
for distillation, auxiliary solvents can be avoided, and azeotropic or closely boiling 
mixtures can be more easily separated than in non-reactive distillation. Increased 
process efficiency and reduction of investment and operational costs are results of 
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this approach. Some of these advantages are realized by using improve separation; 
others are realized by using separation to improve reaction [1]. 
 
 
 
Figure 2.0: Reactive Distillation. 
 
 
 In standard reactive distillation, reactant A and B enters the column in Fig 
2.0. If the reactant is liquid, it flows down to sieve tray or stage. Vapor enters the tray 
and bubbles through the liquid on this tray as entering liquid flow flows across. 
Reactant A and B will react in reaction section. The vapor and liquid leaving the tray 
are essentially in equilibrium. The vapor continues up to the next tray or stage, where 
it is again contacted with a downflowing liquid. In this case the concentration of the 
more volatile component (the lower-boiling component A) is being increased in the 
vapor from each stage going upward and decreased in the liquid from each stage 
going downward the final vapor product coming overhead is condensed in a 
condenser and portion of the liquid product (distilled) is removed, which contains a 
high concentration of A.  The remaining liquid from condenser is returned (reflux) as 
a liquid to the top tray. The liquid leaving the bottom tray enters the reboiler, where it 
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is partially vaporized and the remaining liquid which is lean in A or rich in B, is 
withdrawn as liquid product.   
 
 Reactive Distillation is used with reversible reaction which reversible 
reactions are reactions in which the products can react to produce the original 
reactants. In a closed system where none of the reactants or products can escape, 
reversible reactions reach equilibrium. At equilibrium, the reactions are still 
happening but at the same rate, so the concentration of reactants and products do not 
change 
 
 If the forward reaction is exothermic and the temperature is increased, the 
yield of products is decreased. Exothermic means to release energy in the form of 
heat. It refers to a transformation in which a system gives heat to the surroundings: Q 
< 0. When the transformation occurs at constant pressure: ∆H < 0; and constant 
volume: ∆U < 0. If the system undergoes a transformation which is both exothermic 
and adiabatic, its temperature increases [3]. 
 
 If the forward reaction is endothermic and the temperature is increased, the 
yield of products is increased. Endothermic means to absorb energy in the form of 
heat. It refers to a transformation in which a system receives heat from the 
surroundings: Q > 0. When the transformation occurs at constant pressure: ∆H > 0; 
and constant volume: ∆U > 0. If the surroundings do not supply heat, an endothermic 
transformation leads to a drop in the temperature of the system [3]. 
 
 
Chemical reaction for reactive distillation: 
 
A + B  C + D 
                 (2.1) 
 
 For many reversible reactions the equilibrium point lies far to the left and 
little product is formed. However, if one or more of the products are removed more 
of the product will be formed because of Le Chatelier's Principle: 
 
 
A + B  C + D 
                         (2.2) 
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 Le Chatelier's principle states that when a system in chemical equilibrium is 
disturbed by a change of temperature, pressure, or a concentration, the system shifts 
in equilibrium composition in a way that tends to counteract this change of variable. 
There a three ways that can affect the outcome of the equilibrium, changing 
concentrations by adding or removing products or reactants to the reaction vessel, 
changing partial pressure of gaseous reactants and products, and changing the 
temperature [4]. 
 
2.1 Phase rule  
Many chemical process materials and biological substances occur as mixtures of 
different component in gas, liquid, or solid phase. In order to separate or remove one 
or more of the component from its original mixture, it must be contacted with 
another. In order to predict the concentration of a solute of two phases in equilibrium, 
experimental equilibrium data must be available. If two phases are not at equilibrium, 
the rate of mass transfer is proportional to the driving force, which departure from 
equilibrium [12].In all cases involving equilibria, two phases are involved such as 
gas-liquid or liquid-liquid. The important variables affecting the equilibrium of a 
solute are temperature, pressure and concentration [12]. 
 
 The equilibrium between two phases in a given situation is restricted by the 
phase rule. Phase rule describes the possible number of degrees of freedom in a 
(closed) system at equilibrium, in terms of the number of separate phases and the 
number of chemical constituents in the system. It was deduced from thermodynamic 
principles by J. W. Gibbs in the 1870s.  
 
                                          F = C - P + 2                                                  (2.4)                            
 
 
 Where F is the number of independent intensive variables that need to be 
specified in value to fully determine the state of the system or degrees of freedom. 
Typical such variables might be temperature, pressure, or concentration [13]. 
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 P is a number of phases at equilibrium. Phase is a component part of the 
system that is immiscible with the other parts. While C the number of total 
component in the two phases when no chemical reactions are occurring.  
 
 
 
 
2.2  Distillation Principle 
 
 
 Separation of components from a liquid mixture via reactive distillation 
depends on the differences in boiling points of the individual components. Also, 
depending on the concentrations of the components present, the liquid mixture will 
have different boiling point characteristics. Therefore, distillation processes depends 
on the vapor pressure characteristics of liquid mixtures [11]. 
  
 The boiling point diagram shows how the equilibrium compositions of the 
components in a liquid mixture vary with temperature at a fixed pressure. Consider 
an example of a liquid mixture containing two components (A and B) - a binary 
mixture. This has the following boiling point diagram [11]. 
 
 
 
Figure 2.1: Boiling-Point Diagram [11]. 
 
 
 The boiling point of A is that at which the mole fraction of A is 1. The boiling 
point of B is that at which the mole fraction of A is 0. In this example, A is the more 
volatile component and therefore has a lower boiling point than B. The upper curve 
in the diagram is called the dew-point curve while the lower one is called the bubble-
